The fate of Listeria monocytogenes, Salmonella Typhimurium, or Escherichia coli 24 O157:H7 were separately monitored both in and on teewurst, a traditional raw and spreadable 25 sausage of Germanic origin. Multi-strain cocktails of each pathogen (ca. 5.0 log CFU/g) were 26
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8 At both the beginning and at the end of storage, control (non-inoculated) teewurst samples 145
[N = 3 trials; n = 3 slices (ca. 20 g each) or n = 3 chubs (ca. 5 g each) per trial] were analyzed 146 for pH and a w by using a model 6000P pH/temperature electrode and a model 5500 pH meter 147 (Daigger, Vernon Hills, IL) and a water activity meter (Decagon Aqualab Model series 3; 148 Decagon Devices, Pullman, WA), respectively, according to the manufacturer's instructions. 149
For the market basket component of this study, two chubs from each brand were analyzed to 150 determine the proximate composition of the teewurst purchased from five commercial 151 processors as determined by a commercial laboratory using methods approved and described by 152 the Association of Official Analytical Chemists (McNeal, 1990) . 153
Statistical analyses 154
Microbial counts were transformed to logarithms before means and standard deviations 155 were computed, and counts were reported in terms of log CFU/g. When bacterial counts in 156 teewurst batter decreased to below the threshold of detection (≤1.0 log CFU/g), a value of 1 was 157 used for positive samples after enrichment for determination of the arithmetic mean. Statistical 158 analyses were performed using the SPSS 12.0 software program for windows (SPSS Inc., 159 Chicago, IL) . For each contamination scenario and pathogen an analysis of variance (ANOVA) 160 was performed to evaluate the effect of storage time and temperature on pathogen viability. 161
Differences in the proximate composition of teewurst manufactured by different processors 162 were also evaluated using ANOVA. Least squares means separation was performed using the 163
Microbiological analyses of teewurst 166
Direct plating of samples of control (non-inoculated) teewurst slices or control 167 batter/chubs taken from each of the three trials/batches tested revealed the absence (≤0.2 168 and ≤1.0 log CFU/g for teewurst slices and batter/chubs, respectively) of E. coli 169 O157:H7, S. Typhimurium, and L. monocytogenes (data not shown). These samples also 170 tested negative for each of these same three pathogens following enrichment. The 171 average initial TPC and LAB levels were 7.2 ± 0.7 and 5.7 ± 0.9 log CFU/g, 172 respectively, for teewurst batter, whereas for teewurst slices the average initial TPC and 173 LAB levels were 6.5 ± 0.7 and 5.5 ± 0.9 log CFU/g, respectively (Table 1) . Average 174 initial values of pH were 5.87 ± 0.25 and 6.18 ± 0.19 for teewurst batter and teewurst 175 slices, respectively, while thereafter the pH decreased somewhat to about pH 4.39 and 176 4.78, respectively, at the end of storage for both batter and slices. Average inital a w values 177 were about 0.960 (SD ≤0.005) for both slices and batter, and a w changed relatively little 178 over the storage period. For both slices and batter, numbers of TPC and LAB were very 179 similar at the end of the respective storage period (Table 1) Regardless of the storage temperature, numbers of all three pathogens inoculated 183 into the batter decreased after 30 days of storage (Table 2) . With the exception of storage 184 at 21°C which generated the greatest overall lethality, the observed reductions were not 185 appreciably different for the other temperatures tested. More specifically, when chubsA C C E P T E D M A N U S C R I P T 10°C pathogen numbers decreased by 2.3, 3.2, and 3.0 log CFU/g, respectively, after 30 188 days of storage. When chubs inoculated with L. monocytogenes prior to stuffing were 189 stored at 1.5, 4, and 10°C, pathogen numbers decreased by 2.2, 2.6, and 2.6 log CFU/g, 190 respectively, after 30 days of storage. E. coli O157:H7 and L. monocytogenes levels 191 decreased to below the level of detection by both direct plating (≤1.0 log CFU/g) and 192
enrichment after 25 and 18 days of storage at 21°C, respectively. S. Typhimurium levels 193 decreased below detectable levels by direct plating within 15, 18, and 11 days at 1. 5, 4, 194 and 10˚C, respectively. The absence of S. Typhimurium was confirmed by the inability to 195 recover cells of this pathogen even by enrichment after 30 days at 1.5 and 4°C, after 21 196 days at 10°C, and after 11 days at 21°C. In general, S. Typhimurium was inactivated at a 197 greater rate and to a greater extent (absent by enrichment within 11 days at 21°C) than E. 198 coli O157:H7 or L. monocytogenes when inoculated into batter (Table 2) . 199
Regarding survival on teewurst slices, pathogen numbers remained relatively 200 unchanged after four days of storage for all temperatures tested (Table 3 ). Storage at 1.5, 201 4, 10, and 21°C for up to 21 days resulted in reductions of E. coli O157:H7 and S. 202 Typhimurium from ca. 4.8 log CFU/g to 3.7, 3.7, 3.9, and 3.4 log CFU/g and from ca. 4.3 203 log CFU/g to 2.5, 2.8, 2.9, and 2.7 log CFU/g, respectively. When slices were inoculated 204 with L. monocytogenes and stored at 1.5, 4, 10, and 21°C for up to 21 days, pathogen 205 numbers decreased from ca. 4.5 log CFU/g to 1.8, 2.3, 1.8, and 1.5 log CFU/g, 206 respectively. In general, L. monocytogenes was inactivated at a greater rate and to a 207 greater extent than S. Typhimurium and E. coli O157:H7 at all temperatures tested. 208
A C C E P T E D M A N U S C R I P T the storage temperature (Table 3) , that being, similar reductions in pathogen levels were 211 observed at all temperatures tested for a given pathogen. 212
Proximate composition analyses 213
With possible exceptions of the carbohydrate levels that were not statistically (p 214 ≥0.05) different among the five brands and the salt level for brand A that was 215 significantly (p ≤0.05) lower compared to the others four brands, chemical analyses 216 revealed only subtle differences (p ≤0.05) for a given chemical trait among the five 217 commercial brands tested. These findings establish that teewurst displays a range of 218 compositional compounds and characteristics (Table 4) . 219
Market basket survey 220
As a final component of this study, we conducted a market basket survey of 221 commercially available teewurst. With reference to USDA/FSIS directive 7235.1 (USDA, 222 1994) for raw or partially cooked meat and poultry products, the labels from four of the 223 five brands tested herein declared teewurst as an uncooked product and/or provided safe 224 handling instructions, that being "Keep refrigerated" and/or "Cook thoroughly" (Table 5) . 225
A lack of uniformity in the listed ingredients and additives used by these five processors 226 was also observed and subsequently confirmed by proximate composition analyses 227 (Tables 4 and 5 ). Proximate composition analyses also revealed that teewurst in general 228 has relatively low nitrite and salt levels and a relatively high moisture and high fat 229 content, characteristics that typically do not provide a sufficient barrier to microbial perspective spreadable sausages such as teewurst are considered to be higher-risk 237 products, presumably because consumers are not aware of the safe-handling requirements 238 for teewurst as a product that may contain raw meat (Bremer et al., 2005) and/or due to 239 their preference to consume it "as is". In recent years, consumption of teewurst has 240 caused human illnesses due to its contamination with E. coli O157:H7 and L. 241 monocytogenes and, therefore, such products may potentially be a vehicle for harborage 242 and/or transmission of foodborne pathogens (Brown, 2000; FAO, 2004; Goulet et al., 243 2002; Pichner et al., 2004; Timm et al., 1999) . If opened/sampled, teewurst has a 244 refrigerated shelflife of ca. 1 (Campbell-Platt, 1995; Ockerman and Basu, 2007) to 5 245 days (Brown, 2000) , whereas if left unopened the shelf life could extend for up to 7 to 21 246 days at 4°C (Ernst K. Illg, personal communication). In the present study, however, 247 visible mold-like spoilage was evident on teewurst slices within 21 days of refrigerated 248 storage (1.5 and 4°C) or within 5 days of storage at abuse temperatures (10 and 21°C). 249
Regardless, pathogen levels decreased during storage; however, in the event of post-250 process contamination with relatively high levels of these pathogens, as seen for other 251 meat products, teewurst could possibly expose some consumers to a heath risk
Levels of E. coli O157:H7, S. Typhimurium, and L. monocytogenes decreased 254 appreciably in teewurst chubs during storage for 30 days (Table 2) . Greater reductions in 255 pathogens numbers were observed at 10 and 21°C as compared to 1.5 and 4°C. However, 256 at the end of storage, with the exception of S. Typhimurium for which the most 257 significant lethality was observed, surviving numbers of each pathogen were of similar 258 levels. Moreover, in agreement with related studies conducted on salami and soudjouk 259 (Nightingale et al., 2006; Porto-Fett et al., 2008b) , S. Typhimurium inoculated into 260 teewurst batter/chubs was less viable than L. monocytogenes and E. coli O157:H7. 261
Lethality may be attributed to the presence of native LAB in addition to antimicrobial 262 ingredients such as nitrites, since according to Rödel et al. (Rodel and Scheuer, 2006 ) 263 inhibition of E. coli in short fermented raw spreadable sausages was enhanced due to the 264 acidification of the product by LAB and ensuing reduction of a w, whereas the presence of 265 sodium nitrite had only a weak effect. Similar findings were reported by Birzele et al. 266 (Birzele et al., 2005) , who found that nitrite at levels of 0.5 or 0.9% incorporated into 267 fresh spreadable ham and onion sausage inhibited growth of Salmonella Enteritidis, E. 268 coli, and Staphylococcus aureus, as well as partially inhibited L. monocytogenes. The 269 proliferation and metabolic activity of LAB are known to inhibit undesirable bacteria, 270 mainly through the production of lactic acid and the subsequent pH reduction of foods, 271 but also by the production of CO 2 , hydrogen peroxide, ethanol, diacetyl, and/or 272 bacteriocins (Hugas, 1998) . The batch-to-batch levels and diversity of LAB naturallyA C C E P T E D M A N U S C R I P T
Skandamis et al., 2007). 277
The findings of the present study suggest that inclusion of a defined lactic starter 278 culture(s) and perhaps a limited/controlled fermentation during manufacture would 279 improve the reproducibility from batch-to-batch and enhance both the quality and safety 280 of the finished product (Calicioglu et al., 2001; Lucke, 2000) . As previously reported, 281 fermentation of a German-style uncooked sausage (24°C/24 h) followed by smoking 282 (22°C/20 h) resulted in a 2.0-to 3.0-log reduction of L. monocytogenes (Farber et al., 283 1993) . In fact, fermentation of some spreadable raw sausages in Germany constitutes a 284 critical element of the manufacturing process so as to insure that the final product is 285 characterised by an appropriate flavour, colour, texture, and acidification level (≤pH 5.6; 286 D-lactic acid ≥ 0.2 g/100 g; Islam and Jockel, 2005) . In the case of teewurst, however, 287 the addition of a starter culture and the ensuing production of organic acid(s) and other 288 compounds could possibly have an untoward effect on product taste, that being too sour, 289 and on product texture, that being too firm and, as such, less spreadable (Ernst K. Illg, 290 personal communication, 2008) . Thus, it may be prudent to consider adding food grade 291 chemicals as an ingredient to further enhance the wholesomeness of teewurst. In fact, in 292 prefatory studies we observed an immediate decrease of ca. 1.6 log CFU/g of L. 293 monocytogenes in the presence of 5.5 ppm of nisin added directly to the teewurst batter; 294 however, no further decrease in pathogen levels was observed during storage at 4 or 10°C 295 over 10 days of storage (data not shown). Regardless, the need for a more precise 296 standard of identity was evident from the differences among brands in the various
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published information, the data in Tables 4 and 5 may serve as a starting point for 300 assisting in the development of a list of ingredients and range of attendant concentrations 301 for defining a standard of identity for teewurst. 302
To our knowledge, there is limited scientific literature on the fate of E. coli 303 O157:H7, S. Typhimurium, and L. monocytogenes either "on" or "in" teewurst. This 304 study provides valuable information to small and very small plants producing teewurst 305 and to regulatory authorities overseeing its production for assessing product safety from 306 these foodborne pathogens. The need to establish both a standard of identity and 307 guidelines for its manufacture are critical given that teewurst is typically a raw rather than 308 RTE product, as well as given that despite labeling instructions to the contrary, this 309 product is commonly/openly ingested as raw without cooking. The data herein also 310 highlight the need to educate both producers and consumers as to the appropriate manner 311 to produce/handle and store teewurst so as not to introduce pathogens at any point from 312 production through to consumption. 313 
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25 Table 1 . Evaluation of native biota, pH, and a w of non-inoculated teewurst before and after storage. 
